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Overview

A little about semantics

A little about integration

 Use case

e Semantic mis-understanding

e Impact of semantic mediation
 Methodology

e Some detalls of the integrating concepts
 Now, let’'s hook up some data

e Summary and outlook
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A little about semantics

e Gives syntax meaning

« Basic element is the triple: {subject-predicate-object}
Interferometer is-a optical instrument
Optical instrument has focal length

An ontology is a representation of this knowledge

 W3C is the primary (but not sole) governing organization for
languages, specifications, best practices, etc.
— RDF - Resource Description Framework
— OWL 1.0 - Ontology Web Language (OWL 2.0 on the way)

 Encode the knowledge in triples, in a triple-store, software is
bullt to traverse the semantic network, it can be queried or
reasoned upon

* Put semantics between/ in your interfaces, i.e. between
layers and components in your architecture, i.e. between
‘users’ and ‘information’ to mediate the exchange
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A little about integration

When we integrate, we integrate concepts, terms

In the past we would ask, guess, research a lot, or give up
It's pretty much about meaning

Semantics can really help find, access, integrate, use,
explain, trust...

What if you...

could not only use your data and tools but remote
colleague’s data and tools?

find and use data you could not before?

understood their assumptions, constraints, etc and could
evaluate applicability?

knew whose research currently (or in the future) would
benefit from your results?

knew whose results were consistent (or inconsistent) with
yours?...
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Integrative Use Case
 Determine the statistical signatures of both

volcanic and solar forcings on the height of
the tropopause
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Challenges for Solar Radiation

data integration

e Semantic misunderstanding

— E.g. sunspot number and variations in solar radiation: over 90%
of researchers outside the sub-field of solar radiation think:
sunspot number is a measure of solar radiation

— In reality: a sunspot number is a measure of the number of
sunspots appearing on the visible solar surface, a sunspot is an
Indicator of the location of strong solar magnetic fields, strong
magnetic fields are collectively known as solar activity, sunspots
are observed to produce a localized decrease in the solar
radiation output, at some wavelengths, increase at others, etc.

* Interfaces are built by computer scientists with syntax
that often works within a discipline but rarely across
them
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SESDI Impact: A Better Way to Access Data

Scientists only use data from a single instrument because it is difficult to
access, process, and understand data from multiple instruments.
A typical data query might be:
“Give me the temperature, pressure, and water vapor from the AIRS
instrument from Jan 2005 to Jan 2008”

“Search for MLS/Aura Level 2, SO2 Slant Column Density from 2/1/2007”

A Solution
Using a simple process, SESDI allows data from various sources to be
registered in an ontology so that it can be easily accessed and understood.
Scientists can use only the ontology components that relate to their data.
An SESDI query might look like:
“Show all areas in California where sulfur dioxide (SO2) levels were
above normal between Jan 2000 and Jan 2007
This query will pull data from all available sources registered in the
ontology and allow seamless data fusion. Because the query is
measurement related, scientists do not need to understand the details of

_@re Instruments and data types.
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Semantic Web Methodology and
Technology Development Process

Establish and improve a well-defined methodology vision for
Semantic Technology based application development
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Volcano-Atmosphere considerations

« Focus on tropopause -> temperature gradients

» Stratospheric and tropospheric aerosols, the tropospheric
reservoir

* Quantities/processes: Gas, particles, ejecta, scattering
 Records: Pulses, e.g. in SO2 events
* Related aspects: SO2, H2S04, O3 chemistry

e Data from: in-situ and remotely sensed observation, proxy,
simulation, pseudo-proxy

* Processes: solar, volcanic,

* Priors to consider: statistics of variability and extremes
 Main task: detection and attribution

« Solar-Atmosphere considerations are very similar
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Components to implement

* An analysis application

e Cross-domain terms, concepts and relations
(mediation here)

e Connections to underlying data (registration
and mediation)

 Framework to put these together
 Integration connector
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Detection and attribution relations...
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SWEET 2.0 Ontologies
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Data Registration Framework

Level 1;

Data Registration
At the Discovery Level,
e.g. Volcano
location and activity
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SEDRE: Semantically Enabled
Data Registration Engine

« SEDRE: a system that enables
scientists to semantically register data
sets for optimal querying and semantic
Integration

« SEDRE enables mapping of
heterogeneous data to concepts In
domain ontologies

@ A. K. Sinha, A. Rezgui, Virginia Tech
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&

Semantic Registration in SEDRE:

An Overview

SEDRE is a

desktop @ i
application Regfataton Discovery 20 s
Users download @.. . ..E &

and install SEDRE .5, K

SEDRE accesses domain
ontologies

Users map data attributes g

(e.g., SO,) to concepts in e it
ontologies without o
‘knowing it’ e
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Example 1: Registration of

Location Codes:

* U - Above the 180° turn at

Holei Pali (upper Chain of 5B - —
Craters Road) Date S02 {t/d)  SD {t/d) WS {mis) WD (degrees) N Location = Code °
1/10/2002 660 380 9.2 9 BL C
1/16/2002 610 180 8.9 14 7L c
_ _ 2/1/2002 1710 - 35 70 1U C
e L - Below Holel Pali (|OW€F 2/412002 10500 270 55 54 3U C
_ 2/11/2002 1170 310 103 30 7L B
212112002 950 150 7.9 30 BL c
Chain of Craters Road) 202512002 1280 240 113 30 BL C
3/4/2002 720 120 5.2 40 B UL c
3/18/2002 1010 250 147 30 7L A
_ Vi 4122002 1150 200 8.3 355 5L B
* UL - Individual traverses e — Fri—— -
4 <« » »}Sheetl { Sheet2 { Sheet3 < >
were made both above and o -

below the 180° turn at Holel

Pali

e H - Highway 11

e

Volcanic Data

E3 Microsoft Excel - Volcanic_of2007-1114_tableé6.xls

@_] File Edit “iew Insert Format Tools Data ‘Window Help  AbleBits.com

HRN=A" RERE = RN SR e =N A

-2 > -5 2@ g;a

-8 X

SO, Emission from Kilauea east rift zone -
vehicle-based (Source: HVO)

Abreviations: t/d=metric tonne (1000 kg)/day,
SD=standard deviation, WS=wind speed, WD=wind

direction east of true north, N=number of traverses 19
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Loading Volcanic Data into SEDRE

2 SEDRE: Semantically Enabled Data Regjstration
Fio  Regoter  Accounts  Options  Hep

Oste $02/d) SO 0/d) WS (/) WD (degrees) A
I EN - 0 a2 3
22 610 1% 89 "
- 020 1710 - a5 0
ko] 1050 2 55 54
Qpen w8 17 310 103 £
3708 %0 1% 73 E)
Look in: | @ SEDRE v ’ € ’ e , 2 1280 20 n3 )
5 Iy m 12 52 w0
= m 1010 20 147 0
3 |2) Atmospheric 7He nso 20 a3 35
{ 2, ( i 7378 0 20 56 u
] Dbin PRE 1260 20 61 1 N

MyRecent | [)obi
Documents |5 Properties
— |-2)SEDRE

E |2 Temp_Files
@jntmospheric_oata.xls
@JGravity_Data.xls
@_ﬁ]Rock_GeoChemistry_Data.xIs
Volcanic_onOD?-l 114_table3.xls

& volcanic_of2007-1114_tables.xls

Desktop

%

My Documents

ter

File name: olanic_of2007-1114_table6.ls ¥ [

=
=

@ﬁ 9%)
3 3
=)
=

My Network  Files of type: ‘ v ' C
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Registering Volcanic Data (1)

File  Register  Accounts Options  Help
Geosphere  Atmosphere
Location Date 502 (t/d) SD (t/d) WS (m/s) WD (degrees) A
North »  EZ <0 380 92 3 ‘
37272 B10 180 89 14
37291 1050 270 55 54
South Sl Data 37298 170 310 103 30
= 37308 950 150 79 30
—— . 37312 1280 240 1.3 30
i 37319 720 120 5.2 40
[ so2 | [ Hor | [ wWesos | [ oo | 37333 1010 250 147 30
[ hnos | [ oo ][ wneos | [ cownz | 37343 1150 200 83 35
37378 930 220 56 34
37392 1240 260 6.1 34 v
Elements R3] >
[r]
[ B " C H N H 0 H F ][ Ne] Concept Data Attribute D ata Acquisition Unit
B e s o) |*
([ e JCse )i (o)) fhan ) ) o (i) i s (s ) e | )
BEREOOEDEOE R TN
(s (oo ] (O )Cr [T ) o)) N ) SR | |
(e Lo v e [ om e oo Lo o0 o | tw [ o)
Compounds Type of
Compounds
O Organic
O Inorganic
21
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Registering Volcanic Data (2)

File  Register Accounts Options  Help

Geosphere  Atmosphere [:I

Location

Latitude North

Longitude West East Station ID

Elevation / Depth South

Sampling Date

Major Elements

[ so2 | [ Ho | [ Hso4 | [ Hao |

[ wnos | [ oo | [ weos | [ cowz |

Elements

(]
00 0 0 B Y
s e s o ) =)
() o 50 ) i) i = )= ) ) )
() o)) o ) ) ) ) ) v )1 )
(o)) (o) ) ) ) i) ) | v
()re)  (CA) )5 ) o) ) < o)

(e J(ee I J v e ) sm ) o J 60 o J oy ) o e JL7m [ ) 0]

(e om0 ) ) P ) o ) ) ) e ) i ) o ) )

Compounds Type of
Compounds

O Organic

O Inorganic
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Date S02 (t/d) SD (t/d) WS [m/s) WD (degrees)
> 660 380 92 9

37272 610 180 89 14

37288 1710 - 35 70

37291 1050 270 55 54

37298 1170 310 103 30

37308 950 150 79 30

37312 1280 240 11.3 30

37319 720 120 52 40

37333 1010 250 147 30

37348 1150 200 8.3 355

37378 980 220 56 34

37392 1240 260 6.1 3 ™
< 2

Concept Data Attribute Data Acquisition Unit
& 502 502 (t/d) Measured v v
*

Add New Mapping

* No explicit lat/long data
* Volcano identified by name
* VVolcano ontology framework will link

name to location
22



Example 2: Registration of
Atmospheric Data

E3 Microsoft Excel - Atmospheric_Data.xls

@_] File Edit View Insert Format Tools Data Window Help AbleBits.com Type aquestionforhelp ~ o & X
NEEHROSRTEI S DA S BsEmae -eflis > H
i
03 v A 29.258
6 [ H [ 1 [ J [ K L [ »m [ v [ 0 | P [ @ | R [F
L lat. - cormer  longitudeg------- lon. SZA WA RAA SCD error

2 | -40.437 -40.412 52913 52847 5206 51994 52443 46.464 33584 43.756 0.293 1.694
3 | -40.371 -40.303 5206 51994 51244 51.178 51.61 45.838' 29.258! 48365  -0.443 1.39
4 | -40.261 -40.194 51244 51178 50488 50.422 450826 47195 24866  48.004 0.875 1.411
5 | -40.153 -40.089 50.488 50.422 49778 49711 50095 47533 20499 47 661 1.021 1.429
6 | -40.049 -39986 49778 49711 49107 49039 49405 47855 16.159 47.338  -1.422 1.414
7| -39946 -39885 49107 49.039 4846 483391 48746 48165 11842 47.012  -1.247 1.593
8 | -39.843 -39.783 48.460 48391 47833 47.763 4311  48.468 7542 46.662 0.734 1.454
9 | -39.738 -39681 47833 47763 47215 47143 47488 48.767 3.249 46117 1.735 1.424
10| -39631 -39575 47215 47143 46599 46526 46.871  49.065 1.051 132.086 0.558 1.401
11| -39.521 -39.467 46599 46526 45983 45907 46.255 49366 5345 13358  -0.208 1.088
12| -39.405 -39.353 45933 45907 45355 45277 45632 49671 9645 133.977 0.715 1.387 v
4 4 » »]\Sheetl/ [< > |

Ready MUM

Satellite data for SO, emissions

Abbreviation: SCD: Slant Column
Density (in Dobson Unit (DU)) 2
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Loading Atmospheric Data into SEDRE

y Lnabled Data Registration

=) S| I[nabled Data Reglstration
P Ragawe  Accorts  Optons Heb Fle  Regec  Accourts  Optione  Heb

e L]

comes A
> T3 0 w0
o 0 w0
o 0 wm
e f wan
- e s
9 oy 108
Lookin | &2 510R0 v 2 > @ e 0 85
y Syrem— ey 0 men
2 Son 0e0e canm 0 e
MyRocert (%1 et 0
Docurerts | Cerepatas
0e038
2008030 i
< >
yerey pa ks
2001114,

My Compuer

‘,) Fie rarme Aimrghere, Ootads - Open |
- 1 =
My Netwed: i of bow

24
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Registering Atmospheric Data (1)

File ~ Register ~ Accounts Options  Help
Geosphere  Atmosphere
Location date time d e corner
North y BT 52397 0 40,334 -40.602
20080304 £2331.647 0 -40.23 -40.487
West East 20080304 £2331.897 0 40125 -40.371
20080304 62332147 0 40.022 -40.261
South 20080304 £2332.397 0 39.922 -40.153
20080304 £2332.647 0 39.822 -40.043
_ 20080304 £2332.897 0 39.722 -39.946
HETHTE 20080304 £2333.147 0 39.622 -39.843
[(so2 | [ Ho | [ wesos | [ Ho | 20080304 £2333.397 0 33,519 39738
[ wnos | [ oo | weos | [ cowz | 20080304 62333647 0 33412 39631
20080304 £2333.897 0 393 39,521
- 20080304 £2334.147 0 39.182 -39.405
Elements
[+ ]
@@ Concept Data Attribute Data Acquisition Unit
oM S s o] |+
(X co 75270 [ [ o | |
NN A I 0 0 e I I I - T e
(e )[a Yw (R Jos )T )P e )R ) S ) | | |
N (7 I I O [ o o e
(e Jee e J(wa ) m s ) ew J e )0 ov [ Ho J & Jrm Jvo Jw ]
(e ) )P )] 2P ) )P (e o) s J i [ e ] L Aom g

Type of
Compounds

Compounds

O Organic
O Inorganic
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Registering Atmospheric Data (2)

File  Register Accounts Options Help

Geosphere  Atmosphere

Location A

Rad SCD error chi2fit

No » 584 43,756 0.293 1,694 3771

258 43,365 0443 1.39 £.581
West e 966 43.004 0.875 1.411 £.779

439 47.661 1.021 1.429 £.955
South Samping Date 159 47.338 1.422 1.414 6811

842 47.012 1.247 1,53 8641
- 42 46,662 0.734 1.454 7.201
oslSalats 49 46117 1735 1.424 £.902
((so2 | [ Hor | [ Hesos | [ Wen | 51 132.088 0.558 1.401 £.654
[ wo3 | [ oo | [ weos | [ cone | 45 13359 0208 1.088 4033

45 133977 0.715 1.387 £.547

954 134263 0042 1.08 3971
Elements <_
]
-- --E@-- Concept Data Attribute Data Acquisition Unit
() sl a)a] | | s 3 .
() ) ) B e [ [ [ ] || e  —
OEREREOOEOOEEL e = Measured T |
@@@@@@@ -

el [l [o oL [ e e [ e
D O EY EN N I e e

Compounds Type of
Compounds

O Organic
O Inorganic
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Semantic framework indicating how volcano and atmospheric
parameters and databases can immediately be plugged in to the

semantic data framework to enable data integration.

Data Service

Metadata Service —
Volcano Atmospheric
Metadata Metadata
Service Service

Volcano
Data Service

NOVAC File Server

WOVODat RDBMS
Server

NASA ESTC 2008 Fox Semantic Data Integration

SCIAMACHY FTP
Server

HTTP
Server
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Summary and outlook

e Semantic data frameworks/ technologies are
changing the landscape of providing data to
scientists (in a good way)

e Tools for data registration are soon to be available

* Applications to perform data integration mediated by
semantics are available

* |nitial results - applied to two volcanoes - led to
correlation of SO2 concentration from volcano and in
the atmosphere and relation to H2SO4

e Solar radiation ontologies and data sources are In
progress

28
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SEDRE+DIA: Overview

¢ Geodynamics |  Pewology | ( Mineralogy ) { Stucwre ) | Geophyscs |
i Areal Geology | f Statgraphy |  Hydrology ] { Teconics )

uery : Show all arears in California

t::ﬂﬂ'::;:ﬁiﬂﬂ E:h:';; { Geochemisry ) {Gepdwonology | Paleoniology ) { Ove Deposits )
and DG, 1930
DIA: Web- T Ao *"@ e
sqistaton [Discoven o
based System .. Y senwr g
for Data - /@

Integration and=s

Analysis

MapSarver

Discovery, /
%

Sardloar

(Developed at Virginia Reag Fetry
Tech through NSF pasl
funding) DA 'D'Eci"n*a"rﬁ;s';”'l‘*gr“'”” ' SEDRE (Semantically Enabled Data Registration |
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@ NASA ESTC 2008 Fox Semantic Data Integration



General applicability

 To apply to another use case:
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